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We study some cosmological constraints on the two phenomenological models of oscillating dark
energy. In these scenarios, the equation of state of dark energy varies periodically and may provide
a way to unify the early acceleration (inflation) and the late time acceleration of the universe. These
models give also an effective way to tackle the so-called cosmic coincidence problem. We examine
observational constraints on the oscillating models from the latest observational data including the
gold sample of 182 type Ia supernovae, the CMB shift parameter R and the BAO measurements
from the Sloan Digital Sky Survey.
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I. INTRODUCTION
There are growing observational evidence that the cos-
mic expansion is speeding up and that the universe un-
derwent a recent transition from a decelerating to accel-
erating phase. This late-time acceleration in turn poses
a major theoretical challenge in cosmology and has been
evidenced by a number of independent observational re-
sults, which includes distance measurements to Type Ia
Supernova (SNe Ia) [1, 2, 3], current Cosmic Microwave
Background (CMB) anisotropies measurements [4, 5],
and data of the Large-Scale Structure (LSS) in the Uni-
verse [6]. These observations are often explained by in-
troducing a new hypothetical energy component, usually
referred to as dark energy. The nature of such dark en-
ergy component constitutes a completely open question
nowadays and the only facts about this componenet are
that (1) it has a negative pressure (2) its energy density
is of the order of the critical density, ∼ 10−29g/cm3) and
(3) it is unclustered. Deciding between the many possible
sources of acceleration will be one of the major thrusts in
observational cosmology in the next decades (for recent
reviews on this topic, see [7]).
Apart from their own consistency (theoretical and ob-
servational) problems, almost all the current candidates
for dark energy also face the so-called “coincidence prob-
lem”, i.e., why the dark energy density is approximately
equal to the matter density at this moment of cosmic
history. The spectrum of the possible answers to this
question includes anthropic rationalizations [8], tracking
fields [9], as well as cyclic cosmologies [10]. In this regard,
an interesting question put forward in Ref. [11] concerns
to the possibility of a periodical accelerating expansion
of the Universe over its past evolution. If this is so, then
the fact that the Universe is accelerating today would not
be surprising. In fact, it would be reasonable to expect
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it to accelerate today. Following this reasoning, several
interesting oscillating dark energy models have been dis-
cussed in literature [12]. Although most of these scenar-
ios are motivated from purely phenomenological reasons,
in some of them a periodical acceleration can emerge from
the evolution of a single scalar field in a potential with
oscillatory and exponential behavior [13] and also consti-
tutes a new kind of approach to the idea of quintessential
inflation.
In this Letter, motivated by a possible amelioration of
the coincidence problem, we aim at testing the viabil-
ity of two different parameterizations for oscillating dark
energy in light of some of the most recent observational
data. We focus our attention on the equation of state
(EoS) parameterizations ω(a) = − cos(b ln a) (P1) and
ω(a) = ω0−A sin(B ln a) (P2), as discussed in Refs. [14]
and [15], respectively. For our observational analysis, we
use the latest Supernova gold sample set of 182 SNe Ia
[3] along with the current estimate of the CMB shift pa-
rameter [5], and the Sloan Digital Sky Survey (SDSS)
measurement of the baryon acoustic oscillation (BAO)
peak [16]. Motivated by inflation (and as evidenced by
the combination of the position of the first acoustic peak
of the CMB power spectrum and the current value of the
Hubble parameter), we assume spatial flatness.
The plan of the paper is as follows. In Section II, we
describe the cosmological scenarios arising from the pa-
rameterizations above and derive their basic equations.
The observational analysis testing the viability of these
oscillating dark energy models are discussed in Section
III. We end the paper by summarizing our results in Sec-
tion IV.
II. MODELS
In this work, we are particularly interested in two specific
parameterizations for the oscillatory behavior of the dark
energy EoS:
ω(a) = − cos(b ln a) , (P1) (1)
2and
ω(a) = ω0 −A sin(B ln a) , (P2) (2)
where a is the cosmological scale factor.
In the first parameterization (P1) [14], the expansion
of the so-called undulant universe is characterized by al-
ternating periods of acceleration and deceleration with
the dimensionless parameter b controlling the frequency
of the accelerating epochs. Note that in the limit of small
values of b, the above EoS approaches the cosmological
constant, ω ∼ −1. The sinusoidal parameterization (P2)
[15] follows the usual form of varying EoS parameteriza-
tions and has ω0 as the center of the range over which
ω oscillates with the parameters A and B standing for
the amplitude of oscillations A and the frequency of os-
cillations, respectively. Note also that as the frequency
of oscillations B increases, observational tests which in-
volve integrals of equation of state may fail to distinguish
the oscillatory model from a model with a constant equa-
tion of state. In the subsequent analysis we assume that
w(z) ≥ −1 which requires ω0 −A ≥ −1.
Since Eqs. (1) and (2) represent separately conserved
components, it is straightforward to show from the en-
ergy conservation law [ρ˙j = −3a˙/a(ρj+pj)] that the ratio
fj = ρj/ρj0 for (P1) and (P2) evolves, respectively, as
f1 = a
−3 exp
[
(
3
b
) sin(b ln a)
]
, (3)
and
f2 = a
−3(1+ω0) exp
{(
3A
B
)
[1− cos(B ln a)]
}
(4)
with the subscript j = 1, 2. Finally, the Hubble ex-
pansion for the oscillating dark energy models described
above is given by
H(z; s) = H0E(z; s) = H0
[
Ωm(1 + z)
3 +Ωjfj
]1/2
. (5)
where s ≡ (Ωm, w0, b, A,B) is the complete set of param-
eters.
III. TESTING OSCILLATING EOS
In order to test the viability of the above scenarios and
place limits on parameterizations P1 and P2 we use three
of the most recent sets of observations currently available
in the literature.
A. SNe Ia
The supernova data we use are the “gold” set of 182
SNe Ia recently published by Riess et. al (2006) [3]. This
set includes of 119 data points from the previous sample
analyzed by Riess et al. (2004) [1], 16 new SNe Ia dis-
covered by Hubble Space Telescope ( HST) in the range
0.46 < z < 1.39 [1] and 47 points from the the first year
release of SNLS dataset (0.25 < z < 0.96) [2].
The predicted distance modulus for a supernova at red-
shift z, given the set of parameters s, is
µp(z|s) = m−M = 5 logdL + 25, (6)
where m and M are, respectively, the apparent and ab-
solute magnitudes, and dL stands for the luminosity dis-
tance (in units of megaparsecs),
dL = c(1 + z)
∫ 1
x′
dx
x2H(x; s)
, (7)
with x′ = (1 + z)−1 being a convenient integration vari-
able, and H(x; s) the expression given by Eq. (5). We
estimated the best fit to the set of parameters s by using
a χ2 statistics, with
χ2SNe =
N∑
i=1
[
µip(z|s)− µ
i
o(z)
]2
σ2i
, (8)
where N = 182, µip(z|s) is given by Eq. (6), µ
i
o(z) is the
extinction corrected distance modulus for a given SNe Ia
at zi, and σi is the uncertainty in the individual distance
moduli.
B. Baryon acoustic oscillations
The acoustic peaks in the CMB anisotropy power spec-
trum is an efficient way for determining cosmological pa-
rameters. Because the acoustic oscillations in the rel-
ativistic plasma of the early universe will also be im-
printed on to the late-time power spectrum of the non
relativistic matter, the acoustic signatures in the large-
scale clustering of galaxies yield additional tests for cos-
mology. In particular, the characteristic and reasonably
sharp length scale measured at a wide range of red-
shifts provides an estimate of the distance-redshift re-
lation, which is a geometric complement to the usual
luminosity-distance from SNe Ia. Using a large spec-
troscopic sample of 46,748 luminous-red galaxies cover-
ing 3816 square degrees out to a redshift of z = 0.47
from the SDSS, Eisenstein et al. [16] have successfully
found the peaks. The SDSS BAO measurement provides
Aobs = 0.469(nS/0.98)
−0.35 ± 0.017, with A defined as
A ≡
Ω
1/2
m
z∗
[
z∗
Γ2(z∗; s)
E(z∗; s)
]1/3
, (9)
where z∗ = 0.35, Γ(z∗) =
∫ z∗
0 dz/E(z∗) is the dimension-
less comoving distance to z∗, E(z∗; s) is given by Eq. (5),
and we take the scalar spectral index nS = 0.95, as given
in Ref. [5].
3C. CMB shift parameter
The shift parameter R, which determines the whole
shift of the CMB angular power spectrum, is given by
[17]
R =
√
Ωm
∫ zls
0
dz
E(z)
, (10)
where zls = 1089 is the redshift of the last scatter-
ing surface and the current value of the above quan-
tity is Robs = 1.70 ± 0.03 [18]. To perform our sta-
tistical analysis we use a χ2 statistics defined as χ2T =
χ2SNe + χ
2
BAO + χ
2
CMB , where χ
2
BAO = (A−Aobs)
2
/σ2A
and χ2CMB = (R−Robs)
2/σR
2(for more details on the
statistical analysis we refer the reader to Ref. [19]).
IV. RESULTS
For the parameterization P1, the cosmological param-
eters are Ωm and b. Figure 1 shows the contours corre-
sponding to 68% and 90% CL in the parametric space for
the undulant universe. From the combined analysis dis-
cussed in the section III, we calculate the best fit value for
the parameters, i.e., b = 0.06±0.01 and Ωm = 0.26±0.03
at 1σ level. These limits are in agreement with earlier
results showing that the undulant parameterizations can
reproduce the CMB temperature asymmetries and the
correct power spectrum if the frequency parameter b ≤ 2
[14], as well as with current X-ray gas mass fraction mea-
surements of dynamically relaxed galaxy clusters that im-
ply b ≥ 2.2. The linear treatment of the evolution of the
mass fluctuations also restricts the frequency parameter
to b ≤ 0.4 [14]. Note that, although in full agreement
with the previously estimates of the parameter b [14],
the constraints found here are much tighter.
From Eq. (1), one can easily see that in the limit
b→ 0, the model P1 behave as cosmological constant. So
with this small value of b, one can conclude the undulant
model is behaving like a cosmological constant which is
in agreement with the present cosmological observations.
For parameterization P2, we work with the condi-
tion that ω(z) ≥ −1 (Quintessence field) which imply
ω0 − A = −1. We marginalize over Ωm assuming the
gaussian prior Ωm = 0.234±0.035 provided by WMAP 3
year data [5]. Thus the remaining parameters are B and
ω0. Figure 2 shows the contours corresponding to 68%
and 90% CL in the parametric space. In this model the
entire range of B is allowed. However, the constraints on
ω0 are very tight: ω0 < −0.996 at 1σ and ω0 < −0.992 at
90% confidence level. The best fit values for this model
is ω0 = −1.0 which gives A = 0. Even at 1σ and at 90%
confidence level the value of ω0 is close to −1, hence the
amplitude of oscillations, A, approaches to zero. There-
fore P2 also behaves like the ΛCDM model. Note also
that, since the entire range of B is allowed at 2σ level,
this is in complete agreement with the results obtained
earlier in Ref. [15] in which it is shown that for small am-
plitudes any value of frequency B is allowed by distance
data.
V. FINAL REMARKS AND DISCUSSION
A possible oscilatory evolution of the Universe seems
to have some support from current observational data
as, for instance, (i) the north-south pencil beam survey
that pointed out the periodicity observed in the galaxy
redshift distribution at the regular intervals of 128 Mpc
[20]. This periodic distribution could be in principle ex-
plained by the oscillating expansion [21]; the comparative
study of various dark energy parameterizations with gold
SNe Ia data that have shown that the best fit model is
achieved by oscillating parameterizations [22]; (iii) the
multipole moments Cl in the CMB spectra that can be
improved if we superimposed the oscillations in the first
year WMAP data [23].
In this work we have discussed observational con-
straints on the two purely phenomenological models for
w(z) which describes oscillating scenarios. To this end we
have used the CMB shift parameter derived from the re-
cent WMAP 3 year data together with SNe Ia data (gold
sample) and the LSS data (BAO measurement from the
SDSS). We find that both models behave like the stan-
dard ΛCDM scenario, which confirms the conclusion that
we will have to wait for the next generation observations
to extract information about the evolution of ω with z.
Only a complete and coherent theory of dark energy se-
lected by the observations can predict the fate of the
universe correctly. This certainly will require high level
of precision and control of systematics in observations.
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FIG. 1: a) Confidence regions in the b − Ωm plane (Parameterization P1) arising from SNe Ia (gold sample with 182 points)
+ CMB (WMAP 3 yr) + SDSS BAO measurement. b) Confidence contours in the plane B − ω0 for P2.
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